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ABSTRACT

Multiple rocket exhaust plume interactions at high altitudes can produce base flow
recirculation with attendant alteration of the base pressure coefficient and increased base
heating. A search for a good wind tunnel benchmark problem to check grid clustering
technique and turbulence modeling turned up the experiment done at AEDC in 1961 by
Goethert and Matz on a 4.25-in. diameter domed missile base model with four rocket
nozzles. This wind tunnel model with varied external bleed air flow for the base flow wake
produced measured p/pref at the center of the base as high as 3.3 due to plume flow
recirculation back onto the base. At that time in 1961, relatively inexpensive
experimentation with air at y = 1.4 and nozzle Ag/A’ of 10.6 and 8n = 7.55 deg with Pg =
155 psia simulated a LO2/LH2 rocket exhaust plume with y = 1.20, Ag/A” of 78 and P¢
about 1,000 psia. An array of base pressure taps on the aft dome gave a clear
measurement of the plume recirculation effects at p. = 4.76 psfa corresponding to
145,000 ft altitude. Our CFD computations of the flow field with direct comparison of
computed-versus-measured base pressure distribution (across the dome) provide
detailed information on velocities and particle traces as well eddy viscosity in the base
and nozzle region. The solution was obtained using a six-zone mesh with 284,000 grid
points for one quadrant taking advantage of symmetry. Results are compared using a
zero-equation algebraic and a one-equation pointwise Rt turbulence model (work in
progress). Good agreement with the experimental pressure data was obtained with both;
and this benchmark showed the importance of: (1) proper grid clustering and (2) proper
choice of turbulence modeling for rocket plume problems/recirculation at high altitude.

PRECEDING PAGE
)

921 LANK NOT FILMED

PAGE L7~ INTENTIONALLY BLANK



10'8GS5C00ON3Y

TV ‘sllIAsiuny
[euOlleula}U| ||OMYI0Y

uosuyor *1's pue ‘Auaybnoqg "s'N
€661 ‘L TIHdV

922

3anliL1v L4 000Gy LY
NOILVINOHIOIH MOT4 3SvE LIXOO0OH I 1dILTINN
40 NOILVINWIS H04 SNOILNTOS 309 vsSn T13daon
TINNNL ANIM MHYWHON3SL 31ZZON-4NO4

m:o_um._mn_O IIASIUNY uoISIAl(] SwalsAg aordg

|euoyeulau| 4
lidM3o0Y ' ‘




L0'¥9SC00ONIH

"(SNOILVINWIS

HI4ISNVHL LVIH/ADHINT HO AHISINIHD WOHH4 JLvHVd3S)

T3AOW IONITNGHNL ANV WHLIHODTV NOILNTOS OL SV SW31904d

MOT4 3SvVE I1ZZON-ad3H3ILSNTO FTSSIN (L4 000°00L <) IANLILTV
-HOIH JATOS Ol 3A09 VSN JFHL 40 S3IILIGVdVvD IHL MOHS -

JALLO3rgo
m:o_umhaO OIIIASIUNH uoIsIAI(] swejsAg eoeds
WHVINHONIG MO14 3svd |euogeusau| 4
JANLILTVY HODIH H3LSNT1D I1ZZON-HNO4 __os_oom'\

923



10°0L5200ON3Y

ADNVd3HISIA TTYINS ONINIVWNIH SVH S31ZZON
N3I3IML13IE MOTd FHNSSIHd 3ISVE HLIM INIWIIHOV ‘A3LVINNIS
AT31vNn03av ai3id MO1d 4O STHNLVI4 SSOHD HONOHLIV -

LNIWIAOHIWI HOH SVYIHY

A131VvHVvd3S
d31HOd3H ANV G3LONANOD MHVYWHONIE IODVMOVd AHLSINIHO - 310N
3000 3JHL HOd 1S31 NOISNVAX3 IANLILTVY HODIH IN3T130X3 -

S3IOVHNIOOV T3AOWN IONITNEHNL
ANV ‘JNODINHO3IL DNIAAIHD ‘WHLIHODTV S3LVI0SI XHYWHONIE SIHL -

S3ANIDNI CH1/201
d3d3isniO SILVINWIS HIV HLIM 1961 WOHA LN3IWIH3AX3 TVYIISSY1D -

SLIHINIE
HOVYOHddVY
suonesadO o|IIASIUNY uotsIA] sweisAg eoeds
MHVYWHONIE MO1d 3svd leuogeussyu| ﬂ
AANLILTY HODIH H31SN1D 31ZZON-HNO4 __os_sml‘

924



€0°1£5200ON3Y

Z'h 40 OILVH LVIH OI14193dS SVD LSNVHX3 NV
ANV 08 AT3LVWIXOHddV 40 OILVH V3HV I1ZZON V HLIM NOILVHNOIINOD
JTvIS-11Nd V 40 JAILVLINISIHdIH IHV SNOILIANOD IS3HL

S3INNTd ILVINNWIS OL a@3zITlLN HIV 3HNSS3Hd HOIH .

(3anliL1v 34NSS3Hd) 14 000°StL y .
eisd GGli od .

€12000°0 a2d/~d .

£€9°01 lv/ov .

-:MOT38 a3giddS3a Sl NOLLYINNWIS

HOd4 N3ISOHO ISV DJId103dS IFHL °'S103d443 NOILOVHILNI INNTd

3ANLILTV HDIH HOd SISVO MHVYWHON3E @40 SV @310373S IHIM HIINID

LININDOTIAIA ONIHIINIONT @TONHY 1V I1LLIT M " ANV ZLVIN " 'H A8
1961 NI d3LONANOD SININWIHIAX3 MOT4 ISvE 31ZZON A3H3ILSNTO JHL

NOILdIHOS3d LNINIHIdX °

suoesadQ elIASIUNY uoISIAIg swelsAS ecedg
MHVIWHONIG MO14 3svd leuoneusaju| 4
3anLILTV HOIH H31SN1D 31ZZON-Hnod4  '°™WiH I‘

925



OF POOR QUALITY

[ i
THI ._,w
qoaoe s
gutse 4

Ly

S EINdT v lsu9

SHOTFIPpLOY JIRT a1 220N
MO 4 858 a[2Z0N N0 |

d39L0N HIHL




FOUR-NOZZLE CLUSTER HIGH ALTITUDE
BASE FLOW BENCHMARK
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